* 



What is claimed is: 



A semiconductor structure, comprising: 

a conductive container structure having a closed bottom and sidewalls extending 

upward from the closed bottom; and 
> dielectric cap on a top of the sidewalls. 

The\semiconductor structure of claim 1, wherein the conductive container 
structure has a cylindrical shape. 
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The semiconductor structure of claim 1, wherein the closed bottom and 
sidewalls comprise at least one silicon material selected from the group 
consisting of\morphous silicon, polysilicon and hemispherical grain 
polysilicon. 

The semiconducto^tructure of claim 3, wherein the at least one silicon material 
is conductively dppec 

The semiconductor structure of claim 1, wherein the dielectric cap comprises at 
least one dielectric materialSselected from the group consisting of oxides, 
nitrides and silicon oxynitride 



A semiconductor structure, composing: 

a conductive container structure having a closed bottom and sidewalls extending 
upward from the closed bottoim wherein the closed bottom and sidewalls 
comprise at least one silicon material selected from the group consisting 
of amorphous silicon, polysilicon aiid hemispherical grain polysilicon; 



and 



\ 
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a aielectric cap on a top of the sidewalls, wherein the dielectric cap comprises at 
least one dielectric material selected from the group consisting of oxides, 
litrides and silicon oxynitrides. 

7. The semiconductor structure of claim 6, wherein the dielectric cap is annealed. 

8. A semiconductor^tfucturb, comprising: 
a conductive con/aihgr/tructfire having sidewalls, wherein the conductive 

containeAstrjitture comprises conductively-doped hemispherical grain 
polysilicon; and 

a dielectric cap on a top oAjie sidewalls, wherein the dielectric cap comprises 
silicon oxynitride. 

The semiconductor structure of c&kn 8, wherein the dielectric cap is annealed at 
approximately 600°C to 1000°C for approximately 10 to 20 seconds. 



10. A methoatof forming a semiconductor structure, comprising: 
forming an insulating layer on a substrate; 

forming an opening in the insulating layer, wherein the opening has a bottom on 
an exposekportion of the substrate and sidewalls defined by the 
insulating layer; 

forming a conductive la^er on the insulating layer and the exposed portion of the 
substrate; 

forming a fill layer on the ccJ^ductive layer, wherein the fill layer fills the 
opening; 

removing the conductive layer andMie fill layer to a level below a top of the 

insulating layer, thereby forming a container structure having sidewalls 
comprised of the conductive layer on the sidewalls of the opening, and a 



\ 
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closed bottom comprised of the conductive layer on the bottom of the 
opening; 

forrr^g a dielectric cap on a top of the sidewalls of the conductive layer; 
removing the fill layer to expose an inside of the container structure; and 
removingW least a portion of the insulating layer to expose an outside of the 
container structure. 

1 1 . The method of claim 1 0, wherein the processing proceeds in the order presented. 



laim IU, 
lainniO, 



12. The method of claim\0, wherein removing at least a portion of the insulating 

layer to expose an outside of the container structure occurs subsequent to 

\ 

forming a dielectric cap on a top of the sidewalls of the conductive layer. 



13. The method of claim 10, wherein forming a dielectric cap on a top of the 

\ 

sidewalls of the conductive laver further comprises: 

— \ 
ffl forming a dielectric layer on the insulating layer, the conductive layer 

N \ 
g and the fill layer; and 

~ removing the dielectric layW from the insulating layer and the fill layer. 

s \ 

O \ 

~ 14. The method of claim 13, wherein removing the dielectric layer from the 

insulating layer and the fill layer further^omprises removing the dielectric layer 
from the insulating layer and the fill layering an anisotropic etch. 

\ 

15. The method of claim 10, wherein forming armnsulating layer on a substrate 

further comprises forming a layer of borophosphosilicate glass on the substrate. 



16. The method of claim 10, wherein forming a conductive layer on the insulating 
layer and the exposed portion of the substrate furtherbomprises forming a layer 
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of conductively-doped hemispherical grain polysilicon on the insulating layer 
\ 

and the exposed portion of the substrate. 

17. The method of claim 10, wherein forming a fill layer on the conductive layer 
further comprises forming a layer of photoresist on the conductive layer. 

\ 

18. The methoo-of claim 10, wherein forming a dielectric cap on a top of the 

\ 

sidewalls of the conductive layer further comprises forming a cap of silicon 

\ 

oxynitride on a top of the sidewalls of the conductive layer. 



19. The method of claim 10, further comprising: 
annealing the dielectric cap. 



20. A method of forming a semiconductor structure, comprising: 

forming an insulating layer on a substrate, wherein the insulating layer . 

comprises at least one insulating material selected from the group 
\ 

consisting of oxides, nitrides and borophosphosilicate glass; 
\ 

forming an opening in the insulating layer, wherein the opening has a bottom on 
an exposed portion of thqsubstrate and sidewalls defined by the 
insulating layer; 

forming a conductive layer on the inflating layer and the exposed portion of the 
substrate, wherein the conductive layer comprises at least one silicon 
material selected from the groupbonsisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon; 

forming a fill layer on the conductive laye&wherein the fill layer fills the 

opening, further wherein the fill layer^comprises a filler material selected 
from the group consisting of photoresists and high etch-rate oxides; 



removing the conductive layer and the fill layer^to a level below a top of the 

insulating layer, thereby forming a container structure having sidewalls 
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comprised of the conductive layer on the sidewalls of the opening, and a 
closed bottom comprised of the conductive layer on the bottom of the 
^opening; 

formin^a dielectric cap on a top of the sidewalls of the conductive layer, 
wnerein the dielectric cap comprises at least one dielectric material 
selected from the group consisting of oxides, nitrides and silicon 
oxyni tribes; 

removing the filklayer to expose an inside of the container structure; and 
removing at least ^portion of the insulating layer to expose an outside of the 
container structure. 



2 1 . The method of claim 2&, wherein forming a dielectric cap on a top of the 

sidewalls of the conductfe/e layer further comprises: 

forming a layer orthe at least one dielectric material on the insulating 
\ 

layer, the conductive layer and the fill layer; and 
removing the layer o\he at least one dielectric material from the 
insulating layeXnd the fill layer. 



W 22. The method of claim 20, further comprising: 

0 

q annealing the dielectric cap. 

l2 

23. A method of forming a semiconductorstructure, comprising: 
forming an insulating layer on a substrate; 

forming an opening in the insulating layemwherein the opening has a bottom on 
an exposed portion of the substrate and sidewalls defined by the 
insulating layer; \ 

forming a conductive layer on the insulating la^er and the exposed portion of the 
substrate; \ 

\ 

w 

V. 

\ 
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Arming a fill layer on the conductive layer, wherein the fill layer fills the 

\ opening; 
ing the fill layer to a level substantially even with a top of the insulating 
\ayer; 

removingtohe conductive layer to a level below the level below the top of the 
instating layer, thereby forming a container structure having sidewalls 
comprised of the conductive layer on the sidewalls of the opening, and a 
closed bottom comprised of the conductive layer on the bottom of the 
opening; 

forming a dielectri&cap on a top of the sidewalls of the conductive layer; 
removing the fill layer to expose an inside of the container structure; and 
removing at least a portion of the insulating layer to expose an outside of the 
container structure. 

24. The method of claim 23, wherein the processing proceeds in the order presented. 

25. The method of claim 23, wherein removing at least a portion of the insulating 

\ 

layer to expose an outside of the container structure occurs subsequent to 
forming a dielectric cap on a top\>f the sidewalls of the conductive layer. 



26. The method of claim 23, wherein forming a dielectric cap on a top of the 
sidewalls of the conductive layer further comprises: 

forming a dielectric layer on thlbinsulating layer, the conductive layer 

and the fill layer; and \ 
removing the dielectric layer frorrikhe insulating layer and the fill layer. 

\ 

27 The method of claim 26, wherein removing the dielectric layer from the 

insulating layer and the fill layer further comprises removing the dielectric layer 
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from the insulating layer and the fill layer using chemical mechanical polishing 
or blanket etch-back. 



28. The method of claim 23, wherein forming an insulating layer on a substrate 
further comprises forming a layer of borophosphosilicate glass on the substrate. 

\ 

29. The method of claim 23, wherein forming a conductive layer on the insulating 
layer and the exbosed portion of the substrate further comprises forming a layer 
of conductively-dbped hemispherical grain polysilicon on the insulating layer 
and the exposed poMion of the substrate. 

30. The method of claim 23k wherein forming a fill layer on the conductive layer 
further comprises forming a layer of photoresist on the conductive layer. 



m \ 

U 31. The method of claim 23, wherein forming a dielectric cap on a top of the 



sidewalls of the conductive lay^er further comprises forming a cap of silicon 
oxynitride on a top of the sidewalls of the conductive layer. 



32. The method of claim 23, further comprising: 
annealing the dielectric cap. \^ 

33. A method of forming a semiconductor structure, comprising: 
forming an insulating layer on a substrate, ^wherein the insulating layer 

comprises at least one insulating material selected from the group 
consisting of oxides, nitrides and borophosphosilicate glass; 
forming an opening in the insulating layer, wherein the opening has a bottom on 
an exposed portion of the substrate and sidewalls defined by the 
insulating layer; 
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foiming a conductive layer on the insulating layer and the exposed portion of the 
substrate, wherein the conductive layer comprises at least one silicon 
material selected from the group consisting of amorphous silicon, 
pplysilicon and hemispherical grain polysilicon; 
forming aw layer on the conductive layer, wherein the fill layer fills the 

open^g, further wherein the fill layer comprises a filler material selected 
from tlie group consisting of photoresists and high etch-rate oxides; 
removing the fil\layer to a level substantially even with a top of the insulating 
layer; 

removing the conductive layer to a level below the level below the top of the 
insulating layea:, thereby forming a container structure having sidewalls 

comprised of the: conductive layer on the sidewalls of the opening, and a 

\ 

closed bottom comprised of the conductive layer on the bottom of the 



£ opening; V N 

jr J forming a dielectric cap on a v top of the sidewalls of the conductive layer, 

-fl wherein the dielectric^cap comprises at least one dielectric material 

selected from the grou^consisting of oxides, nitrides and silicon 
oxynitrides; \\ 
removing the fill layer to expose an inside of the container structure; and 
removing at least a portion of the insulating layer to expose an outside of the 
container structure. \ 

\ 

34. The method of claim 33, wherein forming a dielectric cap on a top of the 

sidewalls of the conductive layer further comprises: 

\\ 

forming a layer of the at least one dielectric material on the insulating 

\\ 

layer, the conductive layer and^the fill layer; and 

\\ 

removing the layer of the at least one dielectric material from the 
insulating layer and the fill layer.^ 
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35. The mfethod of claim 33, further comprising: 
annealingtthe dielectric cap. 



,A container capacitor, comprising: 

jrbottom plate having a closed bottom and sidewalls extending upward from the 

closed bottom; 
a dielectric cap on a top of the sidewalls; 
a dielectric layer on the bottom plate and the dielectric cap; and 
a cell plate cm the dielectric layer, wherein the dielectric layer is interposed 
between the cell plate and the bottom plate. 

37. The container capaqtor of claim 36, wherein the bottom plate has a cylindrical 
shape. 

38. The container capacitor oftlaim 36, wherein the bottom plate comprises at least 
one silicon material selected ^rom the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polystticon. 

39. The container capacitor of claim 38/^vherein the at least one silicon material is 
conductively doped. 

40. The container capacitor of claim 36, whereih the dielectric cap comprises at least 
one dielectric material selected from the groupsconsisting of oxides, nitrides and 
silicon oxynitrides. 

41 . A container capacitor, comprising: 
a bottom plate having a closed bottom and sidewalls expending upward from the 

closed bottom, wherein the bottom plate comprised at least one silicon 
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material selected from the group consisting of amorphous silicon, 
polyfeilicon and hemispherical grain polysilicon; 
a dielectric cap on a top of the sidewalls, wherein the dielectric cap comprises at 
least out dielectric material selected from the group consisting of oxides, 
nitrides al^d silicon oxynitrides; 
a dielectric layer ok the bottom plate and the dielectric cap; and 
a cell plate on the dielectric layer, wherein the dielectric layer is interposed 
between the cell plate and the bottom plate. 

42. The container capacitor 01 claim 41, wherein the dielectric cap is annealed. 

43. A container capacitor, comprising: 

a bottom plate having a closea bottom and sidewalls extending upward from the 

closed bottom, whereinVhe bottom plate comprises conductively-doped 

hemispherical grain polysilicon; 
a dielectric cap on a top of the ^kiS^Us, wherein the dielectric cap comprises 

silicon oxynitride; 
a dielectric layer on the bottom mate arid the dielectric cap; and 
a cell plate on the dielectriilayer, /Xvfterein the dielectric layer is interposed 

between the cell plate and the bottom plate. 

44. The container capacitor of claim 43, wherein the dielectric cap is annealed at 
approximately 600°C to 1000°C for approximately 10 to 20 seconds. 



45. A container capacitor, comprising: 

a bottom plate having a closed bottom and sidewalls extending upward from the 
closed bottom, wherein the bottom plate if farmed by a method 
comprising: 

forming an insulating layer on a substrate; 
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forming an opening in the insulating layer, wherein the opening 
las a bottom on an exposed portion of the substrate and 
tdewalls defined by the insulating layer; 
forming aconductive layer on the insulating layer and the 

exposed portion of the substrate; 
forming a ml layer on the conductive layer, wherein the fill layer 

fills tne opening; and 
removing the conductive layer and the fill layer to a level below a 
top of the insulating layer; 
a dielectric cap on a top of the si^iewalls, wherein the dielectric cap is formed by 
a method comprising: 

forming a dielectric\layer on the insulating layer, the conductive 

layer and thepH layer; and 
removing the dielectrjpiayer from the insulating layer and the fill 
layer; 

a dielectric layer on the bottom plate ahd the dielectric cap; and 
a cell plate on the dielectric laye^>^ereinthe dielectric layer is interposed 
between the cell plate and the bottom plate. 

46. The container capacitor of claim 45, wherein the bottom plate comprises at least 
one silicon material selected from the group\consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon. 

47. The container capacitor of claim 45, wherein thadielectric cap comprises at least 
one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxynitrides. 

48. The container capacitor of claim 45, wherein the dielectric cap is annealed. 
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49. A container capacitor, comprising: 

a bottom\>late having a closed bottom and sidewalls extending upward from the 
clo\ed bottom, wherein the bottom plate if formed by a method 
comprising: 

forming an insulating layer on a substrate; 
rming an opening in the insulating layer, wherein the opening 
has a bottom on an exposed portion of the substrate and 
sidewalls defined by the insulating layer; 
formlpg a conductive layer on the insulating layer and the 

exposed portion of the substrate; 
forming\a fill layer on the conductive layer, wherein the fill layer 

_ fills the opening; 

O \ 

ifl" removing tke fill layer to a level substantially even with a top of 



the insulating layer; and 
removing the conductive layer to a level below the level below 



W 

© the top <)f th^ipsulating layer; 

" a dielectric cap on a top of the/sujewalls, wherein the dielectric cap is formed by 

2 a method comprising 

03 

hj forming a dielectric kyer on the insulating layer, the conductive 

Q \ 
^ layer and the nil layer; and 

H 8 removing the dielectric l^yer from the insulating layer and the fill 

layer; 

a dielectric layer on the bottom plate and the dielectric cap; and 
a cell plate on the dielectric layer, wherein me dielectric layer is interposed 
between the cell plate and the bottom Mate. 

50. The container capacitor of claim 49, wherein theWtom plate comprises at least 
one silicon material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon. 
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5 1 . \The container capacitor of claim 49, wherein the dielectric cap comprises at least 
le dielectric material selected from the group consisting of oxides, nitrides and 

silicon oxynitrides. 

52. The container capacitor of claim 49, wherein the dielectric cap is annealed. 

53. A semiconductor die, comprising: 

an integrated circuit supported by a substrate and having a plurality of integrated 
circuitVievices, wherein at least one of the plurality of integrated circuit 
devices \s a container capacitor, the container capacitor comprising: 

a ftpttom plate having a closed bottom and sidewalls extending 

upward from the closed bottom; 
a dielectric capi^n a top of the sidewalls; 
a dielectric layer on the bottom plate and the dielectric cap; and 
a cell platoon the dielectric layer, wherein the dielectric layer is 
In^rppsed between the cell plate and the bottom plate. 

54. The semiconductor die of claim\£3, wherein the bottom plate has a cylindrical 
shape. 

55. The semiconductor die of claim 53, wherein the bottom plate comprises at least 
one silicon material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polysiiicon. 



56. The semiconductor die of claim 55, wherein tft^ at least one silicon material is 
conductively doped. 



Attorney Docket 303.541US1 



27 



Micron 98-0607 



57. The semiconductor die of claim 53, wherein the dielectric cap comprises at least 
onk dielectric material selected from the group consisting of oxides, nitrides and 
silicqn oxynitrides. 

58. A semiconductor die, comprising: 
an integrated circuit supported by a substrate and having a plurality of integrated 

circuit devices, wherein at least one of the plurality of integrated circuit 
devices is a container capacitor, the container capacitor comprising: 

bottom plate having a closed bottom and sidewalls extending 
upward from the closed bottom, wherein the bottom plate 
comprises at least one silicon material selected from the 
group consisting of amorphous silicon, polysilicon and 
aemispherical grain polysilicon; 

a dielectric can on a top of the sidewalls, wherein the dielectric 

01 XI 

rj cap Vomprises at least one dielectric material selected 

^ from/the grmjp consisting of oxides, nitrides and silicon 

M 

s fox^nitnaes; 

a dielectric layer on the bottom plate and the dielectric cap; and 
a cell plate on the dielectric layer, wherein the dielectric layer is 
interposed between the cell plate and the bottom plate. 

59. A semiconductor die, comprising: 
an integrated circuit supported by a substrate and having a plurality of integrated 

circuit devices, wherein at least one ok the plurality of integrated circuit 
devices is a container capacitor, the container capacitor comprising: 

a bottom plate having a closed bortom and sidewalls extending 
upward from the closed bottom, wherein the bottom plate 



D 



comprises conductively-doped hemispherical grain 
polysilicon; \ 
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aMielectric cap on a top of the sidewalls, wherein the dielectric 

\ cap comprises silicon oxynitride; 
a dielectric layer on the bottom plate and the dielectric cap; and 
a cell plate on the dielectric layer, wherein the dielectric layer is 
interposed between the cell plate and the bottom plate. 

60. The semiconductor die onclaim 43, wherein the dielectric cap is annealed at 
approximately 600°C to 1000°C for approximately 10 to 20 seconds. 

61. A semiconductor die, comprising: 

an integrated circuit supported W a substrate and having a plurality of integrated 
circuit devices, wherein at least one of the plurality of integrated circuit 
devices is a container capafcitor, the container capacitor comprising: 

a bottom plate having a closed bottom and sidewalls extending 
upward from ua^clbsed bottom, wherein the bottom plate 
if formed by a method comprising: 

foimipg afrinsulating layer on the substrate; 
forming amopening in the insulating layer, 

wherein the opening has a bottom on an 
exposed portion of the substrate and 
sidewalls defined by the insulating layer; 
forming a conductive layer on the insulating layer 

and the exposed portion of the substrate; 
forming a fill layer cm the conductive layer, 

wherein the fiU layer fills the opening; and 
removing the conductive layer and the fill layer to 
a level below a ton of the insulating layer; 
a dielectric cap on a top of the sidewalls, wherein the dielectric 
cap is formed by a method comprising: 
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forming a dielectric layer on the insulating layer, 
the conductive layer and the fill layer; and 
removing the dielectric layer from the insulating 
layer and the fill layer; 
a dielectric layer on the bottom plate and the dielectric cap; and 
a cell plate on the dielectric layer, wherein the dielectric layer is 
interposed between the cell plate and the bottom plate. 

62. The semiconductor die of claim 61, wherein the bottom plate comprises at least 
one silicon material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon. 

63. The semiconductor die of claim 61, wherein the dielectric cap comprises at least 
one dielectric material selected from tjie group consisting of oxides, nitrides and 
silicon oxynitrides. 



64. The semiconductor die of claim 61, wherein the dielectric cap is annealed. 




yj 65. A semiconductor die, comprising: 

j=| an integrated circuit supported by a substrate And having a plurality of integrated 

M- circuit devices, wherein at least one of t^ plurality of integrated circuit 

devices is a container capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and sidewalls extending 
upward from the closed bottom, wherein the bottom plate 
if formed by a method comprising: 

forming an insulating layer on the substrate; 
forming an opening in the insulating layer, 

wherein the opening nas a bottom on an 
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exposed portion of the substrate and 
sidewalls defined by the insulating layer; 
prming a conductive layer on the insulating layer 
and the exposed portion of the substrate; 
forming a fill layer on the conductive layer, 

wherein the fill layer fills the opening; 
removing the fill layer to a level substantially even 

with a top of the insulating layer; and 
removing the conductive layer to a level below the 
i level below the top of the insulating layer; 
a dielectric cap on a top of the sidewalls, wherein the dielectric 
cap is formed by a method comprising: 

forming a dielectric layer on the insulating layer, 
theconductive layer and the fill layer; and 
remo/ing tne dielectric layer from the insulating 
layen and,the fill layer; 
a dielectric laye^ori\Aebpt«Sm plate and the dielectric cap; and 
a cell plate on tne dielectric layer, wherein the dielectric layer is 
interposed between thAcell plate and the bottom plate. 



66. The semiconductor die of claim 65, wherein thAbottom plate comprises at least 
one silicon material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon. 

67. The semiconductor die of claim 65, wherein the dielectric cap comprises at least 
one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxynitrides. 



68. The semiconductor die of claim 65, wherein the dielectric cap is annealed. 
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69. A memory device, comprising: 

an array oVv memory cells, wherein at least one memory cell has a container 
capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and sidewalls extending 

upward from the closed bottom; 
a\lielectric cap on a top of the sidewalls; 
a dielectric layer on the bottom plate and the dielectric cap; and 
a cellplate on the dielectric layer, wherein the dielectric layer is 
iterposed between the cell plate and the bottom plate; 
a row access circuit coupled to the array of memory cells; 
a column access circuit coupled to the array of memory cells; and 
an address decoder circuit coupled to the row access circuit and the column 
access circuit. 



70. The memory device of clair 
shape. 



/o9, whereinAhe bottom plate has a cylindrical 



71 . The memory device of claim 69, whereinvthe bottom plate comprises at least one 
silicon material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon. 

72. The memory device of claim 71, wherein the at teast one silicon material is 
conductively doped. 



73. The memory device of claim 69, wherein the dielectriX cap comprises at least 

one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxynitrides. 



Attorney Docket 303.541 US1 



32 



Micron 98-0607 



74. A mefcnory device, comprising: 

an arrayvof memory cells, wherein at least one memory cell has a container 
capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and sidewalls extending 
upward from the closed bottom, wherein the bottom plate 
comprises at least one silicon material selected from the 
group consisting of amorphous silicon, polysilicon and 
hemispherical grain polysilicon; 
a di^ectric cap on a top of the sidewalls, wherein the dielectric 
ycap comprises at least one dielectric material selected 
torn the group consisting of oxides, nitrides and silicon 
oxyiiitrides; 

a dielectric myer on the bottom plate and the dielectric cap; and 
a cell plate on\he dielectric layer, wherein the dielectric layer is 
interposed between the cell plate and the bottom plate; 
a row access circuit coupled to thai array of memory cells; 
a column access circuitf coupled to the array of memory cells; and 
an address decoder circuit coupled to ihe row access circuit and the column 
access circuit. 



75. A memory device, comprising: 

an array of memory cells, wherein at least orife memory cell has a container 
capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and sidewalls extending 
upward from the closed bottom, wherein the bottom plate 
comprises conductively-dopetj hemispherical grain 
polysilicon; 

a dielectric cap on a top of the sidewalls\ wherein the dielectric 
cap comprises silicon oxynitride; 
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aMielectric layer on the bottom plate and the dielectric cap; and 
a cqjl plate on the dielectric layer, wherein the dielectric layer is 
interposed between the cell plate and the bottom plate; 
a row access circuit coupled to the array of memory cells; 
a column access circuitVoupled to the array of memory cells; and 
an address decoder circui\coup!ed to the row access circuit and the column 
access circuit. 

76. The memory device of claim 75L wherein the dielectric cap is annealed at 
approximately 600°C to 1000°cVor approximately 10 to 20 seconds. 

^ 77. A memory device, comprising: 

an array of memory cells, wherein at feast one memory cell has a container 
£ capacitor, the container/apacitoV comprising: 

a bottom plate mafcoDg^closed bottom and sidewalls extending 



y i 



€1 upwanHrom the closed bottom, wherein the bottom plate 



LJ 



if formed by a method comprising: 



forming an insulating layer on a substrate; 

m \ 

y forming an opening in the insulating layer, 

D \ 

gj wherein the, opening has a bottom on an 

^ exposed portion of the substrate and 

sidewalls defined by the insulating layer; 
forming a conductive l\yer on the insulating layer 

and the exposed portion of the substrate; 
forming a fill layer on the conductive layer, 

wherein the fill layeii fills the opening; and 
removing the conductive layer and the fill layer to 
a level below a top of tke insulating layer; 
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78. 



79. 



a dielectric cap on a top of the sidewalls, wherein the dielectric 
cap is formed by a method comprising: 

forming a dielectric layer on the insulating layer, 
the conductive layer and the fill layer; and 
removing the dielectric layer from the insulating 
layer and the fill layer; 
a dielectrifc layer on the bottom plate and the dielectric cap; and 
a cell plate on the dielectric layer, wherein the dielectric layer is 
interposed between the cell plate and the bottom plate; 
a row access circuit coupled to the array of memory cells; 
a column access circuit coupled to the array of memory cells; and 
an address decoder circuit coupled to the row access circuit and the column 
access circuit. 




The memory device of bl£m^77, wherein the bottom plate comprises at least one 
silicon material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain palysilicon. 

The memory device of claim 77, whereimthe dielectric cap comprises at least 
one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxynitrides. 



80. 



The memory device of claim 77, wherein the dielectric cap is annealed. 



81. A memory device, comprising: 

an array of memory cells, wherein at least one mertoory cell has a container 
capacitor, the container capacitor comprising: 
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a bottom plate having a closed bottom and sidewalls extending 
upward from the closed bottom, wherein the bottom plate 
if forpied by a method comprising: 

forming an insulating layer on a substrate; 
forming an opening in the insulating layer, 

wherein the opening has a bottom on an 
exposed portion of the substrate and 
sidewalls defined by the insulating layer; 
forming a conductive layer on the insulating layer 

yand the exposed portion of the substrate; 
forming\a fill layer on the conductive layer, 
_^ wWein the fill layer fills the opening; 

iyo removing the fill layer to a level substantially even 

with a top of the insulating layer; and 
ovingihe conductive layer to a level below the 



'a. = 




level below the top of the insulating layer; 
a dielectric cap on a top of the sidewalls, wherein the dielectric 



M cap is formed by a method comprising: 

03 \ 

LI forming a dielectric\layer on the insulating Jayer, 



the conductive layer and the fill layer; and 
removing the dielectric layer from the insulating 
layer and the finlayer; 
a dielectric layer on the bottom plate an\i the dielectric cap; and 
a cell plate on the dielectric layer, wherein the dielectric layer is 
interposed between the cell plate ahd the bottom plate; 
a row access circuit coupled to the array of memory cells; ^ 
a column access circuit coupled to the array of memory cells; and 
an address decoder circuit coupled to the row access circuit ajid the column 
access circuit. 
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82. The 'memory device of claim 81, wherein the bottom plate comprises at least one 
silicon material selected from the group consisting of amorphous silicon, 
polysilicon \nd hemispherical grain polysilicon. 

83. The memory deVice of claim 81, wherein the dielectric cap comprises at least 
one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxynitrides. 

84. The memory device of claim 81, wherein the dielectric cap is annealed. 



the support; 

one of the plurality of leads; 
%h data link is coupled to at least one of the 



85. A memory module, comprising: 
a support; 

a plurality of leads extending fr£ 
a command link coupled to at le 
a plurality of data links, wher^ir 

plurality of leads; and 
at least one memory device contained 6n the support and coupled to the 

command link, wherein the at least one memory device comprises: 

an array of memory cells, wherein at least one memory cell has a 
container capacitor, the container capacitor comprising: 
a bottom plate Having a closed bottom and 
sidewalls Extending upward from the 
closed botto; 
a dielectric cap on a t%> of the sidewalls; 
a dielectric layer on thetoottom plate and the 

dielectric cap; anc 
a cell plate on the dielectriis layer, wherein the 
dielectric layer is interposed between the 
cell plate and the bottoVn plate; 
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a row\access circuit coupled to the array of memory cells; 
a coluftin access circuit coupled to the array of memory cells; and 
an address decoder circuit coupled to the row access circuit and 
the column access circuit. 



86. The memory module of qlaim 85, wherein the bottom plate has a cylindrical 
shape. 

87. The memory module of claim 85, wherein the bottom plate comprises at least 
one silicon material selected from the group consisting of amorphous silicon, 
polysilicon and hemisphericalWain polysilicon. 

88. The memory module of claim 8\, wherein the at least one silicon material is 
conductively doped. 

89. The memory module of cl§im 85, wherein the dielectric cap comprises at least 
one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxynitrides. 



90. A memory module, comprising: 
a support; 

a plurality of leads extending from the suppbrt; 
a command link coupled to at least one of the plurality of leads; 
a plurality of data links, wherein each data linJ^ is coupled to at least one of the 

plurality of leads; and 
at least one memory device contained on the support and coupled to the 

command link, wherein the at least one memory device comprises: 
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an array of memory cells, wherein at least one memory cell has a 
container capacitor, the container capacitor comprising: 
a bottom plate having a closed bottom and 
sidewalls extending upward from the 
closed bottom, wherein the bottom plate 
comprises at least one silicon material 
selected from the group consisting of 
amorphous silicon, polysilicon and 
hemispherical grain polysilicon; 
a dielectric cap on a top of the sidewalls, wherein 
the dielectric cap comprises at least one 
dielectric material selected from the group 
^consisting of oxides, nitrides and silicon 
^xynitrides; 

"a dielectric layer on the bottom plate and the 

dielectric cap; and - 
a cell plata on the dielectric layer, wherein the 
dielectric layer is interposed between the 
cell mate and the bottom plate; 
a row access circuit coupledvto the array of memory cells; 
a column access circuit coupPed to the array of memory cells; and 
an address decoder circuit coupled to the row access circuit and 
the column access circuit. 




91 . A memory module, comprising: 
a support; 

a plurality of leads extending from the support; 
a command link coupled to at least one of the plurality of leads; 
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a plurality ondata links, wherein each data link is coupled to at least one of the 

plurality of leads; and 
at least one memory device contained on the support and coupled to the 

command link, wherein the at least one memory device comprises: 

anVrray of memory cells, wherein at least one memory cell has a 
container capacitor, the container capacitor comprising: 
a bottom plate having a closed bottom and 
sidewalls extending upward from the 
closed bottom, wherein the bottom plate 
comprises conductively-doped 
hemispherical grain polysilicon; 
a dielectric cap on a top of the sidewalls, wherein 
the dielectric cap comprises silicon 
oxynitride; 




Ul /a dielectric layer on the bottom plate and the 

dielectric cap; and 
plate on the dielectric layer, wherein the 
Q [/ ~ \ dielectric layer is interposed between the 

ell plate and the bottom plate; 
a row access circuit coupled to the array of memory cells; 
a column access circuit coupled to the array of memory cells; and 
an address decoder circuit coupled to the row access circuit and 
the colximn access circuit. 

92. The memory module of claim 91, wherein theydielectric cap is annealed at 
approximately 600°C to 1000°C for approximately 10 to 20 seconds. 

93. A memory system, comprising: 
a controller; 
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a command link coupled to the controller; 
a data link coupled to the controller; and 

a memory device coupled to the command link and the data link, wherein the 
memory\device comprises: 

ai^array of memory cells, wherein at least one memory cell has a 
container capacitor, the container capacitor comprising: 
a bottom plate having a closed bottom and 
sidewalls extending upward from the 
closed bottom; 
a dielectric cap on a top of the sidewalls; 
a dielectric layer on the bottom plate and the 

dielectric cap; and 
a cell plate on the dielectric layer, wherein the 
dielectric layer is interposed between the 
cell plate and the bottom plate; 
a ro\(? access circuit coupled to the array of memory cells; 
a column accpSs circuit coupled to the array of memory cells; and 
an address decodenc ircuit coupled to the row access circuit and 
the column access circuit. 



94. The memory system of claim 93, wherein the bottom plate has a cylindrical 
shape. 



95. The memory system of claim 93, wherein the bottom plate comprises at least 
one silicon material selected from the grouA consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicbn. 



96. The memory system of claim 95, wherein the af^least one silicon material is 
conductively doped. 
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97. The memory system of claim 93, wherein the dielectric cap comprises at least 

one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxvnitrides. 



O 

yg 

pa 



S 



2 



98. A memory system, comprising: 
a controller; 

a command linkVoupled to the controller; 
a data link coupled to the controller; and 

a memory device cotroled to the command link and the data link, wherein the 
memory devicacomprises: 

an array of memory cells, wherein at least one memory cell has a 
combiner capacitor, the container capacitor comprising: 
v a bottom plate having a closed bottom and 
sidewalls extending upward from the 
closed bottom, wherein the bottom plate 
comprises at least one silicon material 
^selected from the group consisting of 

lorphous silicon, polysilicon and 
hemispherical grain polysilicon; 
a dielectric rap on a top of the sidewalls, wherein 
the dielectric cap comprises at least one 
dielectric material selected from the group 
consistingyof oxides, nitrides and silicon 
oxynitrides\ 
a dielectric layer on me bottom plate and the 

dielectric cap; and 
a cell plate on the dielectric layer, wherein the 
dielectric layer is interposed between the 
cell plate and the bottom plate; 
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a row access circuit coupled to the array of memory cells; 
\a column access circuit coupled to the array of memory cells; and 
address decoder circuit coupled to the row access circuit and 
the column access circuit. 

99. A memory system, ipmprising: 
a controller; 

a command link coupled to the controller; 
a data link coupled to the Controller; and 

a memory device coupled tovthe command link and the data link, wherein the 
memory device comprises: 

an array of memory cells, wherein at least one memory cell has a 
container capacitor, the container capacitor comprising: 
a/fotrom plate having a closed bottom and 
sutewalls extending upward from the 
closed bottom, wherein the bottom plate 
comprises conductively-doped 
hemispherical grain polysilicon; 
a dielectric cab on a top of the sidewalls, wherein 
the dielectric cap comprises silicon 
oxynitride 

a dielectric layer oh the bottom plate and the 

dielectric cam and 
a cell plate on the dielectric layer, wherein the 
dielectric layer ikinterposed between the 
cell plate and the Bottom plate; 
a row access circuit coupled to the array oranemory cells; 
a column access circuit coupled to the array of memory cells; and 
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an address decoder circuit coupled to the row access circuit and 
the column access circuit. 

100. The memory system of claim 99, wherein the dielectric cap is annealed at 
approximately 6Q0°C to 1000°C for approximately 10 to 20 seconds. 

101. An electronic system^ comprising: 
a processor; and 

a circuit module having V plurality of leads coupled to the processor, and further 
having a semiconductor die coupled to the plurality of leads, wherein the 
semiconductor die comprises: 

an integrated circuit supported by a substrate and having a 

plurality of integrated circuit devices, wherein at least one 
o/lhe plurality of integrated circuit devices is a container 
\container capacitor comprising: 
plate having a closed bottom and 
siciewalls extending upward from the 
clos\d bottom; 
a dielectric cab on a top of the sidewalls; 
a dielectric layeKon the bottom plate and the 

dielectric c^p; and 
a cell plate on the di&lectric layer, wherein the 
dielectric layeris interposed between the 
cell plate and the^bottom plate. 



102. The electronic system of claim 101 , wherein the bottom pf^te has a cylindrical 
shape. 
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103. The electronic system of claim 101, wherein the bottom plate comprises at least 
one sNicon material selected from the group consisting of amorphous silicon, 
polysilicon and hemispherical grain polysilicon. 

104. The electrcmic system of claim 103, wherein the at least one silicon material is 
conductivelyydoped. 

105. The electronic system of claim 101, wherein the dielectric cap comprises at least 
one dielectric material selected from the group consisting of oxides, nitrides and 
silicon oxynitrides. \ 
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106. An electronic system, c^prising: 
a processor; and 

a circuit module havijfga plVality of leads coupled to the processor, and further 
having a sem: conductor die coupled to the plurality of leads, wherein the 
semiconductcTyaie compmses: 

an integrated circuit supported by a substrate and having a 

plurality of integrated circuit devices, wherein at least one 
of the pluralityW integrated circuit devices is a container 
capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and 
sidewalls extending upward from the 
closed bWom, wherein the bottom plate 
comprisesm least one silicon material 
selected from the group consisting of 
amorphous silicon, polysilicon and 
hemispherical glfciin polysilicon; 
a dielectric cap on a top of the sidewalls, wherein 
the dielectric cap comprises at least one 
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\ dielectric material selected from the group 
\ consisting of oxides, nitrides and silicon 
\ oxynitrides; 
a dielectric layer on the bottom plate and the 

\dielectric cap; and 
a cell prate on the dielectric layer, wherein the 
dielectric layer is interposed between the 
ceM plate and the bottom plate. 
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107. An electronic system, comprising: 
a processor; and 

a circuit module having a plurality of leads coupled to the processor, and further 
having a semiconductor die coupled to^he plurality of leads, wherein the 
semiconductor die comprises: 

an integrated circuit supported by k substrate and having a 

plurality of integrated circuit devices, wherein at least one 
of the plurality of integrated circuit devices is a container 
capacitor, the container capacitor comprising: 

a bottom plate having a closed bottom and 
sidewalls extending upward from the 
closed bottom, wheiein the bottom plate 
comprises conductively-doped 
hemispherical grain polysilicon; 
a dielectric cap on a top of theWdewalls, wherein 
the dielectric cap comprises silicon 
oxynitride; 

a dielectric layer on the bottom pl^te and the 
dielectric cap; and 
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a o^ll plate on the dielectric layer, wherein the 
dielectric layer is interposed between the 
plate and the bottom plate. 



108. The electronic system of claim lO'^^enSn the dielectric cap is annealed at 
approximately 600°C to 1000°C for approximately 10 to 20 seconds. 

109. A metnod of forming a semiconductor structure, comprising: 

forminaa conductive container structure having a closed bottom and sidewalls 

emending upward from the closed bottom; and 
forming a dielectric cap on a top of the sidewalls. 

110. The method o\claim 109, wherein the processing proceeds in the order 
presented. 



111. 



The method of claim 109, wherein forming a dielectric cap on a top of the 
sidewalls further con^prises forming a dielectric cap of silicon oxynitride on a 
top of the sidewalls. 




112. The method of claim 109^further comprising 
annealing the dielectric 



113. A method of forming a semiconductor structure, comprising: 

forming a conductive container structure having a closed bottom and sidewalls 

\ 

extending upward from the; closed bottom, wherein the conductive 

\\ 

container structure comprises at least one silicon material selected from 

\\ 

the group consisting of amorphous silicon, polysilicon and hemispherical 
grain polysilicon; and 
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forming a dielectric cap on a top of the sidewalls, wherein the dielectric cap 
comprises at least one dielectric material selected from the group 
consisting of oxides, nitrides and silicon oxynitrides. 

114. The mefehod of claim 113, wherein the processing proceeds in the order 
presented^ 

115. A method of rarming a semiconductor structure, comprising: 
forming a conductive container structure having a closed bottom and sidewalls 

extending \pward from the closed bottom, wherein the conductive 
container stnicture comprises at least one silicon material selected from 
the group consisting of amorphous silicon, polysilicon and hemispherical 
grain polysilicon; 

forming a dielectric cap\n a top of the sidewalls, wherein the dielectric cap 
comprises at least x&ne dielectric material selected from the group 
consisting of oxides\nitrides and silicon oxynitrides; and 

annealing the dielectric cap. 

1 16. The method of claim 1 15, wherein the processing proceeds in the order 
presented. 

117. A method of forming a container capacitor, comprising: 
forming a conductive container structure having a closed bottom and sidewalls 

extending upward from the closed,bottom; 
forming a dielectric cap on a top of the sidewalls; 

forming a dielectric layer on the conductive\ontainer structure and the dielectric 

cap; and ^ 
forming a cell plate on the dielectric layer, wherein the dielectric layer is 

interposed between the cell plate and the conductive container structure. 
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1 1 8. \he method of claim 1 1 7, wherein the processing proceeds in the order 
presented. 

\ 

1 19. The method of claim 117, wherein forming a dielectric cap on a top of the 
sidewalls further comprises forming a dielectric cap of silicon oxynitride on a 
top of t^e sidewalls. 
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1 20. The methodttf claim 117, further comprising: 
annealing the dielectric cap. 



121. A method of forming a container capacitor, comprising: 

forming a conduct\e container structure having a closed bottom and sidewalls 



extending upward from the closed bottom, wherein the conductive 

container structure comprises at least one silicon material selected from 

the group consisting of amorphous silicon, polysilicon and hemispherical 

grain polysilicon;^ 
forming a dielectric cap on a top of the sidewalls, wherein the dielectric cap 

comprises at least on^dielectric material selected from the group 

consisting of oxides, nitrides and silicon oxynitrides; 
forming a dielectric layer on the\onductive container structure and the dielectric 

cap; and \ 

forming a cell plate on the dielectricMayer, wherein the dielectric layer is 

\ 

interposed between the cell plate and the conductive container structure. 



122. The method of claim 121, wherein the processing proceeds in the order 



w 



presented. ^ 

\ 



\ 

\ 
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123. A mbthod of forming a container capacitor, comprising: 

forming a conductive container structure having a closed bottom and sidewalls 
\xtending upward from the closed bottom, wherein the conductive 
container structure comprises at least one silicon material selected from 
the\roup consisting of amorphous silicon, polysilicon and hemispherical 
grainWlysilicon; 

forming a dielectric cap on a top of the sidewalls, wherein the dielectric cap 
comprises^ least one dielectric material selected from the group 
consisting o^oxides, nitrides and silicon oxynitrides; 

annealing the dielectric cap; 



forming a dielectric lay^r on the conductive container structure and the dielectric 

cap; and \ 
forming a cell plate on the ^electric layer, wherein the dielectric layer is 

interposed between the cell plate and the conductive container structure. 

\ 

124. The method of claim 123, wherein the processing proceeds in the order 
presented. 
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